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57) ABSTRACT 
A semiconductor light emitting device includes a verti 
cal aperture produced at a main surface of a semi 
insulating or insulating substrate, a transverse aperture 
provided in the substrate communicating with the verti 
cal aperture, a conducting semiconductor layer buried 
in the vertical aperture and the transverse aperture, a 
groove produced by etching the substrate from the 
surface thereof until reaching the conducting semicon 
ductor layer at a portion of the transverse aperture, and 
a light emitting element produced in the groove, and the 
light emitting region of the element being buried in the 
groove and connected with the buried conducting semi 
conductor layer. Accordingly, no pn junction exists at 
the periphery of the light emitting region, and a semi 
conductor light emitting element of quite low parasitic 
capacitance is obtained at high yield. A planar structure 
in which two electrodes are produced at the same plane 
is obtained, resulting in ease of integration and enhance 
ment of the integration density. 

8 Claims, 6 Drawing Sheets 
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SEMCONDUCTOR LIGHT EMETTING DEVICE 
DSPOSED IN AN INSULATING SUBSTRATE 

FIELD OF THE INVENTION 

The present invention relates to a semiconductor 
light emitting device having an enhanced in operation 
speed and integration density. 

BACKGROUND OF THE INVENTION 

FIG. 5 shows a prior art buried type semiconductor 
laser as a semiconductor light emitting device. 
As illustrated in FIG. 5, a prior art buried type semi 

conductor laser starts with an n-type InP substrate 1. A 
p-type InP blocking layer 2, an n-type InP blocking 
layer 3, and an InCaAsP active layer 70 are succes 
sively grown on the n-type InP substrate 1 by such as 
liquid phase epitaxy. A V-shaped groove 60 is produced 
through three layers 70, 3, and 2 so as to reach into the 
substrate 1 such as by etching. An n-type InP cladding 
layer 51 is buried in the V-shaped groove 60 and an 
InGaAsP active layer 71 is produced on the n-type InP 
cladding layer 51. A p-type InP cladding layer 80 is 
grown on the InGaAsP active layer 71 in the groove 60 
and on the InGaAsP active layer 70 outside the groove 
60 and the surface thereof is made flat. A p-type In 
GaAsP contact layer 90 is produced on the p-type InP 
cladding layer 80. A p side electrode 100 is provided on 
the p-type InGaAsP contact layer 90 and an in side 
electrode 110 is provided on the n-type InP substrate 1. 
The device operates as follows. 
When a voltage is applied between the p side elec 

trode 100 and the n side electrode 110 a current flows 
only through the V-shaped groove 60 which is between 
the p-type InP blocking layer 2 the n-type InP blocking 
layer 3, and the current stimulates emission of laser light 
at the InGaAsP active layer 71 buried in the V-shaped 
groove 60. 

In this prior art buried type layer of such a construc 
tion, the position control of the InGaAsP active layer 
71 in the V-shaped groove 60 is difficult because of the 
shape of the groove. Further, due to pn junctions exist 
ing at the periphery of the V-shaped groove the para 
sitic capacitance is a large valve resulting in leakage 
current and limitation of response speed. In addition, 
since the p side electrode 100 and the n side electrode 
110 are produced at opposing surfaces of the n-type InP 
substrate 1, the device with other electronic elements. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a 
semiconductor light emitting device with reduced criti 
cally in controlling the position of the active layer and 
preventing leakage current. 
Another object of the present invention is to provide 

a semiconductor light emitting device having reduced 
parasitic capacitance and improved high speed re 
sponse. 

Still another object of the present invention is to 
provide such a device with a planar structure enhance 
integration density. 
Yet another object of the present invention is to pro 

vide a method for producing such a device. 
Other objects and advantages of the present invention 

will become apparent from the detailed description 
given hereinafter; it should be understood, however, 
that the detailed description and specific embodiment 
are given by way of illustration only, since various 
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2 
changes and modifications within the spirit and scope of 
the invention will become apparent to those skilled in 
the art from this detailed description. 
According to the present invention, there is provided 

a semiconductor light emitting device comprising a 
vertical aperture produced at the main surface of a 
semi-insulating or insulating substrate, a transverse ap 
erture communicated with the vertical aperture, a con 
ducting semiconductor layer buried in the vertical aper 
ture and the transverse aperture, a groove produced by 
etching the semi-insulating or insulating substrate from 
the surface thereof to one end portion of the transverse 
aperture, a light emitting element produced in the 
groove, including a light emitting region buried in the 
groove. Thus, the light emitting region is buried in the 
substrate, thereby making the current confinement com 
plete. Further, since there is no pn junction at the pe 
riphery of the light emitting element, parasitic capaci 
tances are gone. Furthermore, since one of two elec 
trodes is taken to the surface of the substrate through 
the semiconductor layer buried in the transverse aper 
ture, a planar structure is obtained. 
BRIEF DESCRIPTION OF THE DRAWINGS 
FIGS. 1(a) to 1(e) are cross-sectional views illustrat 

ing a production process of a semiconductor light emit 
ting device according to an embodiment of the present 
invention; 

FIG. 2 is a perspective view showing a semiconduc 
tor light emitting device according to an embodiment of 
the present invention; 
FIGS 3(a) to 3(e) are cross-sectional views illustrat 

ing a production process of a semiconductor light emit 
ting device according to another embodiment of the 
present invention; 

FIGS. 4(a) to 4(c) are cross-sectional views illustrat 
ing a production process of a semiconductor light emit 
ting device according to still another embodiment of the 
present invention; and 

FIG. 5 is a cross sectional view showing a prior art 
semiconductor light emitting device. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

An embodiment of the present invention will be de 
scribed in detail with reference to the drawings. 
FIGS. 1(a) to 1(e) show a production process of a 

semiconductor light emitting device according to an 
embodiment of the present invention. In FIG. 1, refer 
ence numeral 10 designates a substrate such as a semi 
insulating InP substrate. An InCaAsP layer 20 is dis 
posed on the InP substrate 10. A semi-insulating InP 
layer 30 is disposed on the InGaAsP layer 20. Photore 
sist 40 is deposited on the InPlayer 30. An n-type InP 
layer 50 is buried in the vertical aperture 60A and the 
transverse aperture 60B therewith. An n-type InP clad 
ding layer 51, an InCaAsP active layer 70, and a p-type 
InP cladding layer 80 are buried in a groove 60C pro 
duced by etching layer 30 until reaching the InGaAsP 
layer 20 in the transverse aperture 60B. A p-type In 
GaAsP contact layer 90 is deposited on the p-type InP 
cladding layer 80 in the groove 60C. A p side electrode 
100 is disposed on the contact layer 90 and an in side 
electrode 110 is disposed on the n-type InPlayer 50. 
The n-type or p-type InPlayers 50, 51, 80 have impurity 
concentrations of about 1 x 1018/cm3 and the p-type 
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InGaAsP contact layer 90 has an impurity concentra 
tion of about 1 x 1019/cm3. 
The production process will be described. 
First of all, as shown in FIG. 1(a), an InCaAsP layer 

20 and a semi-insulating InPlayer 30 are grown succes 
sively on a semi-insulating InP substrate 10 by vapor 
phase epitaxy. Thereafter, photoresist 40 is deposited 
and patterned by photolithography. 

Next, as shown in FIG. 1(b), the semi-insulating InP 
layer 30 is etched by an etchant such as hydrochloric 
acid to expose the InGaAsPlayer 20 thereby to produce 
a vertical aperture 60A. Thereafter the InGaAsP layer 
20 is selectively etched by an etchant such as mixture 
solution of sulfuric acid, hydrogen peroxide, and water, 
thereby producing a transverse aperture 60B. 
Next as shown in FIG. 1(c), a region 50 on n-type InP 

is deposited in vertical aperture 60A and transverse 
aperture 60B. 

Next, as shown in FIG. 1(d), a region of the semi 

O 

15 

insulating InP growth layer 30 positioned above end of 20 
the n-type InPlayer 50 is etched until the n-type InP 
layer 50 is reached to produce a groove 60C. 

Thereafter, as shown in FIG. 1(e), an n-type InP 
cladding layer 51, an InCaAsP active layer 70, a p-type 
InP cladding layer 80, and a p-type InGaAsP contact 
layer 90 are successively grown on the n-type InPlayer 
50 in the groove 60C, and a buried type laser is pro 
duced buried in the semi-insulating InP growth layer 
30. Thereafter, a p side electrode 100 and an in side 
electrode 110 are formed on the n-type InPlayer 50 and 
the p-type InGaAsP contact layer 90, respectively, at 
the same plane. 
The operation of the semiconductor light emitting 

device produced as such will be described. 
In FIG. 1(e), a current flowing from the p side elec 

trode 100 and then type electrode 110 is converted into 
a light output by the InGaAsP active layer 70 buried in 
the semi-insulating InP growth layer 30. Then, since the 
semi-insulating InP growth layer 30 is disposed at the 
periphery of and surrounding the InGaAsP active layer 
70 current does not leak at the periphery of the active 
layer 70. Furthermore, since the n-type InP cladding 
layer 51 is connected with the conducting n-type InP 
layer 50 buried in the transverse aperture 60B, it is 
possible to take the n side electrode 110 up to the sur 
face of a wafer, thereby obtaining a planar structure. 
While the n-type InPlayer 50 in the vertical aperture 

is produced in a stripe configuration in FIG. 1, the 
n-type InPlayer may be produced only at a part of the 
region lying outside the light emitting region. FIG. 2 
shows an embodiment of the present invention having 
an n-type InPlayer 52 of such a construction. Also in 
this embodiment, the same effects as in the first embodi 
ment are obtained. 
FIGS. 3(a) to 3(e) show a production process accord 

ing to another embodiment of the present invention. 
In this second process embodiment, a vertical aper 

ture 11 is produced by etching a semi-insulating InP 
substrate 10, a SiO2 mask 12 is produced by sputtering 
and photolithography (FIG. 3(a)). 

Next, as shown in FIG. 3(b), the vertical aperture 11 
is further etched into substrate 10, and a SiO2 mask 13 is 
produced at a bottom portion of the aperture 11 by 
evaporation, further etching is employed produce a 
transverse aperture 14 as shown in FIG. 3(c). 

Next, as shown in FIG. 3(d), an n-type InPlayer 50 is 
grown buried in the vertical aperture 11 and the trans 
verse aperture 14, and thereafter, a groove is produced 
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4. 
by etching and a buried type laser is produced in the 
groove as shown in FIG. 3(e) by the same process as 
that employed in the process of FIG. 1. 

This process embodiment has an advantage in that 
only two crystalline growth steps are required, contrary 
to the three crystalline growth steps required in the first 
process embodiment. 
FIGS. 4(a) to 4(c) show a production process accord 

ing to still another process embodiment of the present 
invention. 

First of all, an n-type InPlayer 50 is buried at a de 
sired depth in the semi-insulating InP substrate 10, and 
thereafter, a semi-insulating InPlayer 30 is grown bur 
ied in a portion of the n-type InPlayer 50 in a depth 
shallower than the n-type InP layer 50. A partially 
completed device in which the n-type InPlayer 50 is 
produced in a vertical aperture and a transverse aper 
ture similar to the embodiments of FIGS. 1 and 3 is thus 
produced. Thereafter, a buried type laser is produced 
buried in a groove produced at an end portion of the 
semi-insulating InP growth layer 30 at the side opposite 
to the n-type InPlayer 50, according to the present 
invention. 
While in the above-illustrated embodiment InP series 

compound semiconductors is employed, other com 
pound semiconductor such as GaAs may be used. 
As is evident from the foregoing description, accord 

ing to the present invention, a vertical aperture is pro 
duced at a main surface of a semi-insulating or insulating 
substrate, a transverse aperture is produced communi 
cating with this vertical aperture, a conducting semi 
conductor layer is buried in the vertical aperture and 
the transverse aperture, a groove reaching the semicon 
ductor layer from the surface of the substrate is pro 
duced above an end portion of the transverse aperture, 
and a light emitting element is produced . . . ; buried in 
the groove in such a manner that the light emitting 
region thereof is buried in the groove and is connected 
to the buried semiconductor layer. Since the light emit 
ting region is buried in the substrate, no pn junction 
exists at the periphery of the light emitting region, 
thereby eliminating leakage current, and a semiconduc 
tor light emitting device of quite low parasitic capaci 
tance is obtained at high yield. Furthermore, the p and 
n side electrodes can be provided on a main surface of 
the substrate so that a planar structure is obtained. This 
property results in simplicity in integration with other 
electronic elements and enhancement in the integration 
density. 
What is claimed is: 
1. A semiconductor light emitting device comprising: 
a semi-insulating or insulating first compound semi 

conductor substrate having a surface; 
a semi-insulating or insulating second compound 
semiconductor layer disposed on part of said sur 
face of said substrate, said second compound semi 
conductor having a different composition from 
said first compound semiconductor; 

a conducting compound semiconductor layer dis 
posed on the part of the surface of said substrate 
not occupied by said second compound semicon 
ductor layer; 

a semi-insulating or insulating third compound semi 
conductor layer of substantially the same composi 
tion as said first compound semiconductor disposed 
on said second compound semiconductor layer and 
said conducting compound semiconductor layer; 
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a first aperture in said third compound semiconductor 
layer extending to said conducting compound 
semiconductor layer and filled with said conduct 
ing compound semiconductor layer; 

a second aperture in said third compound semicon 
ductor layer spaced from said first aperture and 
extending to said conducting compound semicon 
ductor layer; and 

a semiconductor light emitting element disposed in 
said second aperture and electrically connected to 
said conducting compound semiconductor layer 
including first and second semiconductor cladding 
layers and a semiconductor active layer disposed 
between said first and second cladding layers, said 
first cladding layer being disposed on said conduct 
ing compound semiconductor layer. 

2. A semiconductor light emitting device as defined 
in claim 1, wherein said semi-insulating or insulating 
first compound semiconductor substrate comprises InP. 

3. A semiconductor light emitting deice as defined in 
claim 1, wherein said semi-insulating or insulating first 
compound semiconductor substrate comprises GaAs. 

4. A semiconductor light emitting device as defined 
in claim 2 wherein said first and second semiconductor 
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6 
cladding layers comprise n-type InP and p-type InP, 
respectively. 

5. A semiconductor light emitting device as defined 
in claim 2 wherein said semiconductor active layer 
comprises InGaAsP. 

6. A semiconductor light emitting device as defined 
in claim 1 comprising a semiconductor contact layer 
disposed on said second cladding layer in said second 
aperture. 

7. A semiconductor light emitting device as defined 
in claim 6 wherein said third compound semiconductor 
layer has a surface opposite said conducting semicon 
ductor layer comprising first and second electrodes 
disposed on the surface of said third compound semi 
conductor layer and electrically connected to said con 
ducting semiconductor layer and to said semiconductor 
contact layer, respectively. 

8. A semiconductor light emitting device as defined 
in claim 1 wherein said first compound semiconductor 
and third compound semiconductor layer are InP and 
said second compound semiconductor layer is In 
GaAsP. 

k k is : 


